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I. INTRODUCTION 



The problem of the actual . loads exerted on the air- 
plane landing gear has long engaged the attention of the 
airplane designer. Repeated tests have heen conducted 
for the purpose of determining the forces acting on the 
landing wheels during landing. Two methods have heen ap- 
plied to the solution of this problem, one of which was 
to measure the accelerations by means of an acc el er omet er , 
the other to measure the displacements of the shock- 
absorber systems. The first method has the serious dis- 
advantage that the readings of the accelerometer strongly 
depend on the location and method of attachment of the ac- 
celerometer to the airplane and it always remains unclear 
just what mass is to be taken in connection with the ac- 
celerometer reading in computing the force from the accel- 
eration. By the second method only the maximum travel of 
the shock absorber in the landing and take-off runs is 
measured. This latter method is of little use in deter- 
mining the force with a ru"bber-cord shock absorber since 
the properties of rubber depend very much on the tempera- 
ture and the rate at which the load is applied. The error 
from the last cause alone may amount to more than 20 per- 
cent. For an ol eo- sho ck-a d so rp t i on mechanism the actual 
form of the dependence of the shock-absorber force on the 
piston travel is even more uncertain since the laboratory 
tests with such apparatus are few in number. 

The methods described above give no indication of the 
direction' of the force acting on the wheel and are intend- 
ed to give only a rough approximation of this force. It 
has now been found possible to obtain a considerably more 
accurate solution of this problem as a result of the ap- 
plication of an apparatus, developed in the flight tests 
of the Central Aerodynamical Institute (CAHI), for obtain- 
ing a time-history record of the stresses in the chassis 
members by means of extensometer measurements. 

% ' • ' 

Report No. 269, of the Central Aero-Hydrodynamical In- 
stitute, Moscow, 1926. 
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II* PROCEDURE 



Extensoraeters were placed on all important members 
of the landing gear, their readings being synchronized by- 
time recorders. Readings were first recorded on all in- 
struments with the airplane at rest. The airplane was 
then allowed to take off and another record obtained with 
the airplane flying level and smoothly at low velocities. 
With the aid of these recordings it was possible to deter- 
mine the stresses in each landing-gear member with the 
airplane at rest. After this the regular take-off and 
landing runs were made. Knowing the stress history of all 
the important elements of the landing gear during the va- 
rious.runs, it is a simple matter to compute the forces 
and their resultant acting on the landing-gear wheel. The 
resultant will be obtained both in magnitude and direc- 
tion. The data thus obtained .supply the designer -with, in- 
formation on the actual forces exerted on the landing- 
gear members and the load factors. 

As an illustration and check, the external force . P 
acting on the airplane wheel at rest was determined by 
the above method. Eor airplane no.. 1 the force was thus 
found to be. P = 1,872 kilograms as compared with the 
known value,' 1,900 kilograms. 



III. OBJECT OF INVESTIGATION 



The investigation was intended to throw light on a 
number cf problems: 

1, Obtain a time history of the force acting on the 

gear wheels during the take-off and landing 
runs. 

2, Obtain the time history of the direction of this 

force (magnitude of its three components along 
the coordinate axes). 

3, Derive conclusions as to the design load factors. 

In connecticn with the latter, of especial interest 
was the solution of such problems as.: (a) the dynamic 
loads in the three main' landing attitudes, namely, a 3- 
point landing, horizontal load, landing, and landing with 
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side load; (b) the problem of the true direction ' of the 
forces for each 'of the above "pure" types of landing; 
(c) combination of the above types; and (d) the comparison 
for each of the chassis members of the computed force 
(according to the design standards) with the actual force 
measured in the tests so as to determine the actual fac- 
tors of safety. 

IT. RESULTS 



The landing gears of two airplanes were investigated 
in the take-off and landing runs. The landing : gear of no. 
1 airplane is of especial interest, being of modern con- 
struction with pneumati c-oleo- shock absorbers and 900 by 
200 pneumatic tires.- Landing gear no. 2 was provided with 
a rubber-disk shock-absorbing mechanism and 900 by 200 
tires. It is also proposed in the near future to carry 
out tests on the same airplanes provided with skis. We 
shall now consider the data for each of the landing gears. 

1. Landing . Gear No . 1 

A . Land i ng -gear struct ur e.- A sketch of the landing- 
gear arrangement is shown on figure 1. As seen from the 
figure, the landing gear may be considered to be a. combi- 
nation of the column 2-5 with a very simple girder. Points 
3, 3'j and 4 may be considered as rigid supports. Point 2 
may be considered as a rigid suoport in plane XZ and a 
roller support in the direction of the Y axis, since it 
is connected to the longeron where there are no struts at- 
tached. The axial force on the member 2-5 is therefore 
eventually taken up not by support 2 but by supports 3 and 
3' through the medium of struts 0-3 and 0-3'. ■ • 

The above arrangement of the landing-gear members is 
very • conven i ent for the purposes of our investigation and 
makes possible a simple and reliable determination of the 
magnitude of the components of the force'- P -acting on the 
wheel by measuring the forces in each of the struts. Thus, 
the projection on the X axis of the force on member 1-4, 
corrected for the lever arm of the member 1-2, immediately 
gives the horizontal component P x , i.e., 

P x = < S i-4) x ~— = 0-484 (S 1 _ 4 ) x 

1*2-5 

Similarly, the sum of the projections on the Z axis of the 
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forces on memb er s""0-3 and 0.-3' (with lever arm correction) 
gives the side component P z : 

(S c _ 3 ) z + (S 0 L 8 r) / lfl=fi = 0.455 [ (S 0 _ 3 ) z + (S 0 _ 3l ) z 

J b 3- 6 L 

The sum of the projections on the Y axis of the forces 
on the three struts: 0-3, 0-3', and 1-4, is directly equal 
to P y . It should "be observed that the struts are hinged at 

each end, the hinges having each a single axis of rotation. 
The ext en somet er s were placed on the struts as shown in 
figure 2, so as to exclude the effect of possible secondary 
tending stresses. The. portion 1-2 of strut 2-5 was not in- 
vestigated with ext en somet er s , since it consisted of a 
shock-a.Dsor'bing cylinder so that the stress at any point 
depended on the piston position. In general, the stresses 
in this portion were of little interest since they could 
not "be. large due to the small rigidity of support 2 with 
respect to the Y axis. 

B . Co mp ut ed data, for no. 1 landing gear.- We shall 
now consider the results obtained for the no. 1 landing 
gear. The computed data consist of: (1) a time history 
of the external force P acting on the wheel, curves of 
its components P x , P y , and P z (see figs. 3-9); and (2) 

tables of the forces on the members and the computed com- 
ponents of the force P. The tables are given in part in 
the text (see table I) and are fully presented in appendix 
I. The parts of the tables given in the text are taken 
for the instants of time giving the maximum overloads and ■ 
forces, the values of which were used farther on. •' 



CjL...Ana lys i.s_o f _ c o mp_u t e d_dat a. • - The strength standards 
for the landing gear tend to 'be based on the three condi- 
tions of landing described above, namely, where the force 
is vertical ( E ) , horizontal (ft), and side (F ) . We 
shall therefore consider the maximum load factors for each 
of these cases: vertical (E), forward ( G ) , and side 
(F) with the object of comparing the experimental values 
with those obtained by the standard computations. 
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• TABLE I 
Landing 1 ; Airplane No. 1 







0-3 • 


0-3 


1-4 


Impact no. 1; 


t 


=0 sec* 


s 


« • * 


-1946 


-4100 




+ 1740 




_S 


KZ 


P L*tsl 






















s x 


• • • 


0 


0 


+ 1418 




+ 1418 


| + 686 






s y 




-1751 


-3690 


+ 1005 




-4436 


1-44361 


4509 


s z 




-848 


+ 1788 


• -o 




+ 940 


+428 


























s 




-1845 


I -4200| 


+ 2020 




Impact no. 2; 


t 


=1.5 sec. 


S x 




0 


0 


+ 1646 




+ 1646 


+ 796] 




s y 




-1661 


-3780 


+ 1167 




-4274 


1-42 741 


*± o f e. 


s 




-804 


+ 1831 


0 




+ 1027 


+467 


























S 




-1230 


-2151 




1+2680 




Impact no. 22; 


t=17.5 sec. 


s x 


* * * 


0 


0 


+ 2184 




+ 2184 


+ 1056 






b y 




-1107 


-1936 


+ 1549 




-1494 


-1494 




1839 






-536 


+ 937 


0 




+401 


+ 182 










Landing 2 


» 


Airplane 


No. 1 








S 


* . . 


-2563 


-3075 





1 -16081 


Imnact no. 4; 


t 


=3.7 sec. 


S x 




0 


0 


-1310 




-1310 


-6 34J 




s y 




-2307 


-2768 


-929 




-6004 


|-6004| 


6038 


s z 




-1117 


+ 1341 


0 




+ 224 


+ 102 






s 




-2040 


1+2050 




-668 




Impact 


no . 5 ; 


t 


=5.3 sec. 


Sx 




0 


0 


-545 




-545 


-264 






s y 




-1842 


+ 1845 


-387 




-384 


-384 


940 


s z 




-393 


-894 


0 




-1787 


-815 










Lan ding 3 , 


Airplan e 


No. 1 








s 


• • • 


-1230 


+ 1640 


-1338 


Impact 


no . 8 ; 


t 


=8.58 sec. 


S x 


• * • 


0 


0 


-1090 


-1090 


-527 




^y 


• • • 


-1105 


+ 1475 


-774 


-404 


-404 


873 


s z 


• » • 


-5 36 


-714 


0 




-1250 


-5 67 




s 


• • • 


-1640 


-3075 


-1606 


Impact 


no. 12; 


t=12 sec. 


Sx 


• • * ■ 


0 


0 


-1310 


-1310 


|-6 34| 




s y 


« • • 


-1480 


-2775 


-928 


-5183 


-5183 


5229 


s z 


• * • 


-715 


+ 1340 


0 




+ 625 


+ 285 
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The largest value for the vertical load factor was 
obtained for the landing of no. 2 landing-gear 4 seconds 
after the first impact with the ground, the value "being 

P„ ■ P, 



n 



- 7 Z. 



y max . .. ' P ?r ° . P 0 cos V - 
where P is the pressure on the wheel- when at rest and 



V is the ground angle, i.e 



\ ax ~ 1900 "cos _ 13° 1,2 

(The design load factor for this landing gear was 4.-5.-) 
It is proper to remark here that high values of P y > are 
obtained, as a rule, not at the instant of first contact 
with the ground but later in the landing run, and the' 
loads during the take-off run are near and sometimes even 
exceed those during the landing run. 

The maximum value of the side load factor- TU was 

z max 

obtained during the la,nding of no, 2, 6 seconds after 
first impact, the -force acting in the direction from wheel 
toward the plane of symmetry of the airplane: 

T|_ = Qp- = = 0.383 (com-outed value 1.1) 

z max G/2 2125 * 

Here 0 denotes the weight of the airplane during the 
test, - 

The value of T\ (opposite to the flight direc- 

max tion ) 

was likewise obtained during the second and third ' landings 
after 4, and 12 seconds, respectively: 

_ _ P x 6 34 



_ = 0.35 6 (computed value- 3) 



x max | cos (y +2 0° ) 1780 

Comparison of the actual. and standardized load factors 
does not determine, however, the- values of the safety fac- 
tors since in practice all the three components act simul- 
taneously .on the fuselage members. The safety factors must 
therefore be considered with resoeat to the maximum forces 
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in the struts as computed and as obtained from experiment. 



TABLE II 



Nanve of 
member 


No tat ion 


Computed 
maximum 
load ' P 


Experimental 
maximum 
'load P 


p exp/ P comp 


Wheel strut 


1-5 


-8 , 320 ' (E) 


-6,004 


1. 39 


Side struts 


0-3 " 
0-3 ' 


±5,900 (F ) 


-4,200 
+2,050 


1.4 


Rear strut 


1-4 


-13,400 (G) 
+4,900 


-1 ,608 


8 . 35 * 



*See section V. 



The strut* 1-5 is .of lower strength than that assumed by 
the design norms since the maximum computed safe load fac- 
tor was determined as equal to 3 in the damping computa- 
tions, and in the rough landing of no. 2 the value of 3.24 
was reached. The side struts have a lower strength for the 
reason that, as may be seen from table I, the severest 
case of vertical load was accompanied by side impact. 

Let us now consider the question of the direction of 
the force P and the comparison with that assumed in the 
design norms. 

D JL _Yar i_pu^_condi_jb^p.n^_£f _.l 
(a) Three-point landing, Case E: According to the norms, 
the force Pj; is inclined forward of the vertical by an- 
gle 0 equal to the landing angle V. In considering this 
case it is particularly interesting to note a considerable 
vertical component of the force Pj; and the fact that the 
horizontal component is in the flight direction. Let- us 
see what the direction of the force P x actually' is." 

For P = 6,004 kg (landing 2, 4. seconds) the di- 

y max 

rection of the horizontal component P is opposite to 
that assumed in the standards, since to case E. there is 
here added the horizontal impact of the. maximum force dur- 
ing the test. For other instants and at other landings 
we find the force P-g inclined in a forward direction at 
considerable Values of P' (table III). 
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TABLE III 



Landing 


Seconds 


— — — — — 

p y 


P x (against 

flight 
direct ion ) 


. 

Angle 8 


Landing no. 1 
Landing no. 1 
Landing no. 1 

— — ■ ■ 


3.5 

0 

1.5 j 

1 


5 ,431 
4 ,436 
4 , 274 


-634 
-686 
-798 


6° 40 1 
8° 50 ' 
10° 30* 



The force P-g ' may thus have a direction approaching 
near that of the norms. 

(b) Case G , forward impact: According to the norms, 
the force Pq. lies in the plane X-Y and is inclined to 

the horizontal by the angle Y + 20°, i.e., in the given 
case hy 33° (f igs. 10 and 11). At the instant when P x 

has its maximum value end is equal to 634 kilograms (i.e., 
at the fourth and' twelfth second of the second and third 
landings), there is also a component Py equal, respec- 
tively, to 6,004 kilograms (likewise a maximum) and 5,183 
kilograms and the side component P z is at 35 percent of 
its maximum value. It therefore follows that a considera- 
ble vertical component may be present at the horizontal 
impact. The angle 8, at P = 6,004 kg and P„ = 

y max 

■ 6 34 kg, will be 

8=7+ 70° 

Prom the tests it is evident, however, that the angle 
8 may have very different values and in general may be 
near the normal! zed value. Thus, for landing no. 3, after 
8.58 seconds, it is equal to V + 24.5° (with P y = 404 
kg and P x = 527 kg). The vertical component in this case 

is small and the horizontal component is 83 percent of its 
maximum value. 

(c) Case P, side impact : According to the norms, the 
force Pp acts at the rim of the wheel in the direction 
of the Z axis. The test indicates the actual existence 
of such a force and that it may be directed from the wheel 
toward the axis of symmetry as well as in the opposite di- 
rection. The maximum values of P z are: toward the axis 
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of symmetry, +815 kg (landing 2, impact 5); toward the 
wing tip, 467 kg (landing 1, impact 2). At the instant 
when P z is at its maximum value and is equal to 815 kil- 
ograms, i.e., after 6 seconds of the second landing, there 
is also a horizontal thrust of amount 264 kilograms, equal 
to 42 percent of the maximum, and a small vertical compo-. 
nent P equal to 387 kilograms. In general, in cases of 

considerable .side impact (near 50 percent of the maximum 

value and above), the- vertical component sometimes assumes 

a large value up to as much. as 74 percent. For example, 

landing 1, 0 second , P z = 428 kg (52 percent),; P y = 

4,436 kg (74 percent). 

As an illustration of what has been said above on the 
simultaneous action of the diff erent ' types of loads, there 
is presented in figure 12 a time history of the forces act- 
ing on the landing gear in the XY and ZY planes. As 
may be seen from the figure, the airplane first rested on 
the wheel and ran a few seconds under the action of a for- 
ward thrust, the tail was then let down, the direction of 
the force being the usual ene for a 3-point landing, and 
then the landing gear again experienced a force in the 
horizontal direction. During the entire landing and land- 
ing run there were side loads acting mostly in the direc- 
tion from wheel toward the axis of symmetry of the airplane. 

2. Landing Gear of Airplane No. 2 

A«_ Th e_ ar r ang_em e nt_ o f _ jth i^_.landing_gear_i,^_s.hown_pji 
f i_gur e_ 1 3 . 

Bi_Cp_mpujt e d_da jta . - The extensometers were placed on 

all the fuselage struts of one-half the landing gear. For 

this landing gear we shall analyze only the P and P 

y 

components. The results are -presented partially in table 
IV and figures 14-17, and are given fully in appendix 2. 
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S 

S; 
f3 
S 

s, 
s : 
s 

s. 



s 

Sx 

Sv 



TABLE IV 
Landing ■ 1 , Airplane No. 2 





1-2' 


1-3 


4-2 


4-2 ' 


" 5_ ] 





s ... 


-245 0 


-1182 




+ 1580 


-9 20 


Impact no. 


11; t = 8.6 


S x 


431 ' 


-923 








-492 


+492 


S y ... 


-2100 










-2100 


1772 





-1225 


-738 


X 


+ 216 


-615 


y ... 


-1C50 






-3430 


+ 394. 


X • * V 


+ 604 


+ 307 


y ••• 


-2940 






-36 80 




-3 35 


X 


+ 647 


-262 


y ... 


-3154 





Landing 2, Airplane No^ 2 



+ 1050 



+ 920 



-1050 



+ 1445 



+ 1445 



Impact no. 6; t=3.5 



-399 
-1050 



+ 399 
+ 885 



Impact no. 18; t=9.6 



+ 911 
-2940 



-911 



+ 2480 



Imoact no. 20; t=10.7 



+ 385 
-3154 



I -3 '8 5 



+ 2559 



Take-off 1, Airplane No. 2 



-735 

130 
-630 



-920 
-718 



1970 



2 365 



Impact no. 11; t=5,7 



-588 
-6 30 



) +5ge l [ 
[+5"3"T] 



C. Di scussion of .results.- The maximum value of the 
vertical load factor was obtained for landing no. '2, im- 
pact no. 20. The value is 



;659 



y max 1330 cos 12 c 



= 2*05 (computed value ahout 6 ) 



Hers the value 1,330 kilograms denotes the pressure on the 
wheel of the airplane at rest, and 12° is the ground an- 
gle of the airplane. 

The maximum value of T! x is obtained for flight 1, 
imoact no. 11: 



X 



max 



588 

— — — — = 0.464 (value comnuted according 

£222. C os 32° to norms is 3) 



Here 2,995 kilograms is the weight of the airplane during 
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the test and 32° is the ground angle of the airplane +20° 
according to the norms. 

Tahle Y gives the factors of safety for the various 
landing-gear struts. 



TABLE V 



Memher 


P 

computed 


P 

experimental 
maximum 


P 

f _ comp 
P 

exp 


1-2' 


-11,000 


-3 , 680 


2.99 


1- 3 

2- 4 


-5 ,000 


-1 ,182 


4.23 


2 i-4 


-2,930 

(F) 


-2,235 
• 


1.31 



Si_Dis cussion_of _t he_iif f er enjt_ t^pe s_o_f _lan di_ng_on 
landing gear no. 2 . 



(a) Case E: At the value P = 2,659 kg the di- 

y m a x 

rection of the horizontal component P x agrees with the 
standard (landing 2, impact 20). The angle the force makes 
with the vertical plane is 

B = arc tan-™-- = 8° 15' (12° according to norms) 
2659 

This angle has a larger value at somewhat smaller values 
of Py. Thus, for the same second landing, impact no. 18, 

8 = arc tan ~~ ^ 20° (i.e., even exceeds the norms 
2480 somewhat) 

(t>) Case G- : At the instant when P x has its maximum 

in the forward direction equal to 588 kilograms, there is 
a vertical component- P = 531 kg. Thus, the angle the di- 

v 

rectiin of Pq. makes with the XZ plane will "be 

B = arc tan §§A = 42° 

588 

while, according to the norms, it is 20° + 12° = 32°. 

Thus, the actual direction of the force Fjj is near that 
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of the nsrm??, although for a somewhat smaller forward 
force. On figure 18 is shown graphically the time history 
of the force acting on the wheel in the plane XY during 
flight 1. 

Y. SUMMARY OF RESULTS AND CONCLUSIONS 



In tables VI and VII are "brought together the results 
obtained in section 4 on "both landing gears. The first 
table (table VI) gives the comparison of the values of the 
"maximum applied" loads assumed by the norms (i.e., the 
maximum break-down loads divided by the safety factor 1.5) 
with the maximum loads obtained in the -tests, and there is 
also given the ratio between them for each of the landing- 
gear members. In the second table (table VII) are brought 
together the results of the investigation on the simulta- 
neous action of the different standardized types of land- 
ing impact as obtained for landing gear. no. 1. 



TABLE VI 



Land- 
ing 


Maximum computed 


■ 




Maximum 






Maximum experimental 


Mercper 


•D 

* comp 


? G6mp 










^exp 


•o 




gear 












* exp 




1 


3 


2 


0.734 


1-5 


-8,320 


-6,004 


1.39 


Pneumatic-oleo 
shock adsorber 


3.24 


0.356 


0.383 










i' 0-3 
I 0-3 ' 


±5;900 


-4,200 
+2,050 


1.4 


900 oy 200 air 
wheels, split 
axle 










1-4. 


-13,<±00 
+4,900 


-1 , 608 
+ 2,680 


8.35 




2 


4.0 


2 




1-2 


-11,000 


-3 , 680 


2.S9 


Rubber disk 
shock absorber 


2.05 


0.464 














1-3 


-5,000 


-1,182 


4,23 


900 by 200 air 
wheels, con- 










(2-4 
I 2 ' -4 


-2,930 


-2,235 


1.31 


tinuous axle 
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TABLE VII 



Landing Gear No. 1 



Landing 


Percent of maximum 
test value (1) 


Percen 
value 
to no 


t of maximum 

according 
rms (2) 




P„ 

y 


P T 

X 


P^ 
z 


p y 


P T 

X 


P„ 
z 


2 landing, 


100 


100. 


12.5 


108 


18 


6.5 


( 1 ) Maximum values 


4 seconds 














from test: 
















P =6 004 ke 


3 landing, 


86.5 


100 . 


35 


93.5 


18 


18.3 


F x = 634 kg 


12 seconds 














P z = 815 kg 


2 landing, 


6. -5 


42 


100 


7 


7.5 


52 


(2) Maximum valueE 


6 seconds 














according to 
















norms : 


1 landing, 


74.0 




52 


80 




27 


P y = 8320/1.5=5550 


0 second 














P x = 5350/1.5=3560 


1 landing, 


71.3 




57.3 


77 




30 


P 2 = 2340/1.5=1560 


1.5 seconds 

















From an examination of tables VI and VII, as well as the 
preceding data, the following conclusions may he derived: 



1. Case E (vertical impact): A ?-point landing may ac- 
tually take olace as assumed, such that the conventional di- 
rection of the force (normal to the ground in the static po- 
sition of the airplane) is maintained throughout. As far as 
the magnitude of the force is concerned, it should he oh- 
served that, in general, it agrees well with the assumed 
norms, although a case occurred for which the computed force 
was exceeded (T] y = 3.24 instead of 3), and this in our 
opinion may he explained not hy any defect in the shock ah- 
sorher hut hy a certain disagreement hetween the computed 
and actual forces. This condition may he corrected only hy 
increasing the factor of safety from 1.5 to 1.6-1.8, i.e., 
causing this factor to approach more nearly' the value custo- 
mary for structures operating under hending stresses. 

2. Case £3- (horizontal impact): Actually occurs as far 
as the direction of the force is concerned, hut the force 

is hy far not as great as that assumed in the norms (instead 
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of the assumed load factor z — z: = 2, the maximum obtained 
was 0.464). 

In the case of landing gear no. 1, there was a striking 
difference "between the computed and actual force obtained 
for the rear strut (1,608 instead of 12,000 to 13,000), in 
spite of the fact that the landings were sudden with the 
vertical load attaining its maximum. It should he borne 
in mind, of course, that the landings were made on a good 
landing field, but still it is clear that the load factor 
for this case may be lowered. The design standards of oth- 
er countries do not give such a large value for the hori- 
zontal force as do our standards, their value being about 
one-third as large but with the vertical component being 
larger as a rule. A sufficiently cautious figure for the 
load factor would be T\n = 2. However, in addition to this 
simple case G- , the additional case of the simultaneous 
action of types E p.nd G must be considered. It would be 
most expedient to assume the force in the XY plane, ap- 
plied at the center of gravity of the airplane. Por the 
usual ground angle of about 12° to 14° we then obtain, for 
a "typical" value T| s = 5, the value T)q. = 5 sin (12°-14°) 

= 1. 

3 t Case E (side impact): Does not take place as as- 
sumed in the design standards as there is always the ac- 
companying action of cp.se E. The load factor of our stand- 
ards Tip = -issuing ant) e a rs to be a safe value and this is 
* 100 

confirmed both by experiment and by comparison with the 
foreign standards where the value of T]p varies between 
0.5 and 1. The several failures of the landing gear in 
landing in a side wind that have occurred recently are ex- 
plained for the most part by the simultaneous action of a 
considerable vertical component which, as a rule, is very 
unfavorable to the structure with the present-day split- 
axle type of landing gear. Ecr the above reason we pro- 
pose that the "pure" case E be entirely removed as a sepa- 
rate case in the design rules and be considered only in 
connection with case E acting simultaneously, the load 
factor Tip bein^ defined by the preceding formula. As 
far as T|p is concerned, for this new mixed case, our 
test did not give any coincidence in the maxima of the ver- 
tical and side components. The worst condition occurred 
for a value P y = 75 nercent of P v ■ when P = 60 per- 

** ^max 
cent of P„ . In the light of the recent accidents, 
z max 
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however, and taking into account the peculiarities of mod- 
ern chassis design (split-axle type), we should assume a 
complete com "bi'hati on (100 percent) of cases E and E as cor- 
rect. The introduction of this new case removes the ne- 
cessity of any special consideration of landings in a side 
wind. 



Translation "by S. 
National Advisory 
for Aeronautics. 
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Figure 1.- Arrangement of landing g ear of airplane no. 1. 
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Figure 3.- Time history of external force P on 

wheel of airplane no. 1 (ta^e-off no. 1) . 
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Figure 4.- Time history of external force P on wheel 
of airplane no. 1 (take-off no. 2). 
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Figure 5.- Time history of external force P on landing- 
gear wheel of airplane no. 1 (take-off 3). 
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Figure 6.- Time history of vertical and horizontal 
components of pressure on landing-gear 
wheel of airplane no. 1 (take-off). 
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Figure 9.- Time history of vertical and horizontal components 

of pressure gr. landing- gear '-/heel of airplane 
no. 1 (landing" 3) . 
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Figure 11. 




Figure 13.- Landing- gear arrangement 
of airplane no. 2. 
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Figs. 14,15 
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Figure 14.- Time history of vertical and horizontal 

components of pressure on landing-gear wheel 
of airplane no. 2 (take-off no. 1) 
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Figure 15,- Time history of vertical and horizontal 

components of pressure on landing-gear wheel 
of airplane no. 2 (take-off no. 2) 
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Figure 16.- Time history of vertical and horizontal 
sure on landing-gear wheel of airplane v. 




components of pres- 
o. 2 (landing ho.l) 



-400 

-800 
-1200 



i s o_h 1 L-e«j '-t-\ 

' \ ft ^ ■' 1 

\ 



i \ 



8 



■ i i i i, , , , i i i — i — i — i 



*sec 


Fx 


p y 


0 




534 


1770 


1 




?34 


.531 


1.8 




750 


1*15 


2.4 




1003 


1593 


2.9 




481 


885 


3.5 




399 


885 


4.0 




636 


1770 


4.8 




97 


1240 


5.1 




814 


1240 


5.9 




669 


1062 


6.1 




636 


1770 


6. 6 




5 


1240 


7.1 




97 


1240 


7.5 




270 


1950 


8.1 




210 


2123 


8.6 




270 


1950 


8.8 




106 


2123 


9.6 




911 


2480 


10.2 




81 


1770 


10.7 




385 


2 659 


11.2 




534 


1770 



4 . 6 
t, sec. 



10 



Figure 17.- Time history of vertical and horizontal components 
pf pressure on landing-»gear vheel of airplane no. 2 
(landing .10. 2) 
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Figure 18.- Time history of external force on landing-gear vheel of 
airplane no. 2 (take-off 1) 
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